Background and Purpose Pial arterioles transiently dilate during cortical spreading depression (CSD), although the mechanisms are unclear. We tested the hypothesis that increased production of nitric oxide (NO) promotes arteriolar dilation.
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Background and Purpose Pial arterioles transiently dilate during cortical spreading depression (CSD), although the mechanisms are unclear. We tested the hypothesis that increased production of nitric oxide (NO) promotes arteriolar dilation.
Methods Urethane-anesthetized rabbits were equipped with cranial windows, and the diameter (reported in micrometers) of a pial arteriole was determined via intravital microscopy. In each rabbit, a baseline CSD was elicited by microapplication of KC1 onto the cortex, and resultant pial arteriolar dilation was measured. Either 100 fimolfL iV"-nitro-L-arginine methyl ester (L-NAME) or 50 /imol/L iV G -nitro-L-arginine (L-NA), both competitive NO synthase inhibitors, was then applied to the brain surface. A CSD was elicited as before. The L-NAME and L-NA were then removed by artificial cerebrospinal fluid washes. An additional CSD was induced with KC1 as before. C ortical spreading depression (CSD), a wave of depolarization followed by repolarization of cortical neurons, 1 -2 is accompanied by transient depression of neuronal electrical activity, dilation of pial arterioles, 36 and elevation of cerebral blood flow (CBF). 7 CSD may play a role in the aura phase of migraine vascular headache in humans, 8 although recent evidence suggests that CSD is not the initiating event in migraine attacks. 9 Also, CSD occurs spontaneously during other pathological brain conditions, such as focal ischemic insults 10 and traumatic brain injury.
11
The mechanisms responsible for cerebrovascular dilation during CSD are complex and not fully understood. It is likely that during CSD, parenchymal and pial arterioles are exposed to different vasoactive influences. For example, superfusion of the cortical surface with artificial cerebrospinal fluid (aCSF) during CSD does not change the magnitude or duration of pial arteriolar dilation in urethane-anesthetized rabbits, 5 indicating that these responses stem from the release of factors intrinsic to the arteriolar wall. These intrinsic substances may act directly on pial arterioles, activate
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Recently, we provided evidence that calcitonin generelated peptide (CGRP) is liberated during CSD and accounts for some of the observed pial arteriolar dilation in rabbits. 3 In those experiments, application of a CGRP receptor antagonist (the 8-37 fragment of human CGRP) before CSD attenuated the pial arteriolar dilation by approximately 40%, without changing the speed of CSD propagation. However, it is clear that other mechanisms promoting pial arteriolar dilation must come into play during CSD.
Nitric oxide (NO), or a related nitrosothiol, 1213 is an endogenous vasodilative substance and, although its role remains controversial, it is a logical candidate as a promotor of pial arteriolar dilation during CSD, for two reasons. First, activation of N-methyl-D-aspartate (NMDA) receptors occurs during CSD, 14 and NMDA stimulates the release of NO from brain cells. 15 Second, in recent CSD experiments on cats reported by Goadsby et al, 16 in which local cortical blood flow was measured by laser Doppler, intravenous L-NAME, a putative NO synthase (NOS) inhibitor, 17 ablated the hyperemic response normally observed with CSD for more than 2 hours. This evidence suggests that in the cat model, the CSD hyperemic response appears mediated to a large degree by NO. On the other hand, two recent reports suggest that NO release cannot be responsible for observed cerebral hyperemia during CSD. 1819 In these two studies, a rat model of CSD was used with L-NAME and L-NA, respectively, as NOS inhibitors. Potential limitations of these studies were the reliance on L-NAME or L-NA as the sole NOS inhibitor, the failure to test the ability of cerebral resistance vessels to dilate on exposure to non-NO-mediated dilative stimuli, and the lack of direct evidence that NOS activity was actually inhibited by L-NAME or L-NA. In contrast to other NOS inhibitors, such as L-NA, L-NAME possesses muscarinic receptor antagonist properties in some tissues. 20 Further, in the study by Goadsby et al, 16 responses of surface arterioles, which probably are not influenced directly by parenchymal metabolites, 5 were not examined specifically.
Because of the incomplete and conflicting nature of the evidence evaluating the role of NO in CSD-induced hyperemia, 16 -18 - 19 we tested the hypothesis that topically applied NOS inhibitors, L-NAME and L-NA, would attenuate pial arteriolar dilation during CSD in the rabbit. Further, we examined the ability of L-NAME to decrease cortical NOS activity and to selectively inhibit NO-dependent dilation of cerebral arterioles. Our experiments validated our hypothesis that NO promotes pial arteriolar dilation during CSD in the rabbit.
Methods

Animal Preparation
Female New Zealand White rabbits were used in these experiments and were housed, fed, and handled according to NIH/USDA standards, and protocols were approved by the Animal Care and Use Committee of Wake Forest University. For the following series of experiments, the rabbits were initially anesthetized with 10 to 15 mg/kg of thiopental, administered via a marginal ear vein. Urethane was administered at 1 g/kg IP, with 0.5 g/kg in subsequent doses given if needed. Additional urethane and thiopental were immediately given if signs of light anesthesia were present: spontaneous movement, aversive movements to noxious stimuli, or changes in blood pressure or respiratory rate suggesting a light anesthetic plane. All surgical sites were infiltrated with 1% lidocaine before incision. A catheter (PE-90, Clay Adams) was inserted into the femoral vein for drug and maintenance fluid (lactated Ringer's solution with 5% dextrose) administration. A femoral artery catheter (PE-90) was connected to a GouldStatham (model P23 ID) pressure transducer for mean arterial pressure (MAP) measurement and arterial blood gas sampling ( a 2 samples per experiment). The rabbits spontaneously breathed room air and maintained stable arterial blood gas values: Po 2 , 81±3 mm Hg; Pco 2 , 29±1 mm Hg; and pH, 7.44±0.02. The transducer's output was fed to a Grass (model 7D) polygraph. A rectal temperature probe (YSI) was then inserted to measure body temperature, which was maintained at 38°C with a heating blanket. A tracheostomy was then performed. The rabbit's head was secured in a stereotactic frame. A craniectomy 1.8 cm in diameter was performed through the parieto-occipital skull. The cortex was exposed by reflection of the dura mater. A cranial window composed of a steel ring of the same diameter as the craniectomy with a glass coverslip affixed was secured in the craniectomy with dental acrylic. This ring is machined with three injection ports for aCSF infusion onto the brain surface. Two small brass screws were then implanted into the skull over each hemisphere for continuous monitoring of the electroencephalogram (EEG). Since depression is typically observed in the EEG amplitude when a depolarization wave passes near an EEG electrode 3 during CSD, we used the presence of EEG changes as one of our criteria to demonstrate the presence of CSD. Two burr holes were drilled through the skull just anterior to the craniectomy. One hole was the site for insertion of a short length of PE-50 tubing as a guide for the microapplication of 10 /iL of 5% KC1 to initiate CSD. A Ag-AgCl electrode (World Precision Instruments, Inc) was placed into the second burr hole down to the level of the dura to demonstrate the slow DC potential change that is characteristic of CSD, 3 -6 the other criterion for demonstrating the presence of CSD. Both the EEG tracings and the DC slow potential tracing were continuously recorded on the Grass polygraph.
The window was then flushed with aCSF to purge air bubbles that may have been trapped under the glass coverslip. The aCSF was formulated to match that of a rabbit, heated to 38°C, and gassed with a 6.5% CO 2 /6% O 2 /balance N 2 mixture before injection into the cranial window. The composition of the aCSF was as follows (in mmol/L): KC1 2.9, MgCl 2 0.6, CaCl 2 1.5, NaCl 131.9, urea 6.7, dextrose 3.7, and NaHCO 3 20.2.
The image of arterioles was projected onto a color television screen by use of a microscope (Wild, model M3B) and video camera (Panasonic Digital 5100). The diameter of the vessel was continuously recorded with a video scaling device (model IV-550, FOR-A Corp, Ltd) with output to the polygraph.
A number of arginine analogues have been shown to inhibit the activity of NOS. In the following experiments, we used topically applied L-NAME (Sigma) as a NOS inhibitor. 17 Since L-NAME also possesses muscarinic receptor antagonist properties, we performed additional experiments using L-NA (Sigma), a NOS inhibitor 17 -21 ' 22 without apparent muscarinic receptor activity. 20 All solutions of L-NAME and L-NA were freshly made in aCSF, warmed to 38°C, and gassed with O 2 /N 2 /CO 2 before administration.
Experimental Protocols Validation of Topical L-NAME as an Effective Inhibitor of Acetylcholine-Induced Dilation
When acetylcholine (ACh) is applied to blood vessels having an intact endothelium, there is a dose-dependent dilation produced by the release of an endothelium-dependent relaxing factor, which is NO or an NO-containing compound.
1213 - 23 We applied to the brain surface 10-/xmol/L ACh and 100-/i,mol/L ACh (n=5 animals) solutions freshly prepared in aCSF and observed pial arteriolar response. We then topically applied a 100-^mol/L solution of L-NAME mixed in aCSF, waited 15 minutes, and sequentially administered the same doses of ACh as described above with 100 /imol/L L-NAME.
L-NAME-, L-NA-, and Adenosine-Induced Pial Arteriolar Dilation
This series of experiments was performed in 6 rabbits to assess whether L-NAME and L-NA possess the ability to inhibit pial arteriolar dilation in this animal model via some nonspecific, non-NOS-mediated mechanism. Adenosine is a known, potent dilator of rabbit cerebral arterioles 24 and appears to dilate vessels through several non-NO-mediated mechanisms: (1) adenosine produces an increase in intracellular [cAMP], 25 (2) adenosine decreases inward Ca 2+ movement, 26 and (3) adenosine may activate the sarcolemmal Na + -K + pump in cerebrovascular smooth muscle. 27 In this series of experiments, a pial arteriole was identified and the diameter measured throughout the experimental period. Freshly prepared solutions were made of adenosine (Calbiochem) in aCSF. Ten and 100 fimol/L adenosine were applied onto the brain (others have demonstrated that 100 p.mol/L produced near-maximal pial arteriolar dilation in the rabbit), 24 and the diameter was measured. The animals were then randomized to receive either topical 100 L-NAME or 50 /tmol/L L-NA, and the response to adenosine was rechecked as outlined below in Table 1 .
Topical L-NAME and NO Synthase Activity
We used an assay of NOS activity modified from that described by Bredt and Snyder. 28 - 29 We measured basal NOS activity in rabbit brain cortex and after topical application of 100 /xmol/L L-NAME. NO synthase converts [ Protein concentration of each sample was quantified by the method of Bradford. 30 Because two different reaction temperatures were used on the different days the assays were performed, thereby affecting enzyme kinetics, the results are expressed as percent inhibition of NOS activity by L-NAME compared with control.
Topical L-NAME and CSD
For these CSD experiments, 9 rabbits were used. A pial arteriole was identified and the diameter followed throughout the experimental time period. We did not measure the vascular responses of pial veins during CSD, since minimal changes in surface vein diameter occur during CSD. 4 All CSDs were induced by the microapplication of 10 /xL of 5% KC1, and at least 15 minutes elapsed between CSDs to allow for stabilization of the observed arteriole. A baseline CSD was elicited. Two separate washes of 100 /xmol/L L-NAME were introduced onto the brain surface, and a second CSD was elicited. After the L-NAME was washed out with aCSF and after at least 15 minutes had passed, a postwash CSD was elicited. In several animals, more than one aCSF wash and CSD were required to remove the NOS antagonist sufficiently to elicit a dilative response with CSD similar to that observed during baseline responses.
Topical L-NA and CSD
These experiments in 6 rabbits were performed in exactly the same fashion as those discussed above except that 50 iimol/L L-NA was topically applied instead of L-NAME. This dose was chosen upon review of recent work by Faraci and Breese, 31 in which a similar dose of topical L-NA effectively inhibited pial arteriolar dilation to 1 and 10 //.mol/L ACh in an identical rabbit cranial window preparation. These experiments were performed to assess whether L-NA, an arginine analogue that does not demonstrate muscarinic receptor antagonism, would attenuate arteriolar dilation during CSD.
Statistical Analysis
Values are reported as mean±SEM. Comparisons between two values were made with simple t tests or a one-way ANOVA; for comparisons within subjects, repeated-measures (RM) ANOVA) and paired t tests were used. If the F value was significant after an RM ANOVA, pairwise comparisons were made by use of the Student-Newman-Keuls test. The a level was set at .05 for all statistical tests. The a levels for testing comparison significance were adjusted for multiple comparisons by Bonferroni's method. For the data presented in Tables 1 and 2 , the change in arteriolar diameter for each arteriole during CSD was calculated (CSD diameter minus pre-CSD diameter) for each of the three treatments (baseline, L-NAME or L-NA, and aCSF wash). An ANOVA was performed to test for differences in arteriolar diameter between the three treatments. Factors included in the statistical model were treatment, pre-CSD MAP, and change in MAP (CSD MAP minus pre-CSD MAP). Contrasts were performed to compare treatment pairs. Percent change of arteriolar diameter during CSD (Figs 3 and 4) was expressed as the mean±SEM of the percent changes, preserving the paired structure of the data.
Results
ACh Responses With and Without L-NAME
The two doses of topical ACh used in these experiments, 10 and 100 /xmol/L, proved to be potent dilators of pial arterioles. ACh yielded a 46% and 60% increase in arteriolar diameter, respectively. Coadministration of ACh in the same concentrations as before with 100 /xmol/L L-NAME markedly reduced the dilative response of ACh, P<.05 (Fig 1) .
L-NAME, L-NA, and Adenosine-Induced Pial Arteriolar Dilation
Six animals were used in these experiments. Ten and 100 /xmol/L adenosine dilated pial arterioles 18±4% and 39±5%, respectively (Fig 2) . These amounts of dilation with these two concentrations of adenosine are comparable to those reported by other researchers. 21 Application of either 100 iimol/L L-NAME or 50 /xmol/L L-NA failed to attenuate the dilation observed by either dose of adenosine (Fig 2) . These data suggest that application of L-NAME or L-NA at these concentrations does not, through some nonspecific mechanism, impair the ability of pial arterioles to dilate.
Topical L-NAME and NO Synthase Activity
In the 8 animals for which NOS activity was assayed (4 control and 4 topical L-NAME animals), there was a 46±14% decrease in cortical NOS activity. In the presence and absence of topically applied W"-nitro-Larginlne methyl ester (L-NAME). Increase in vessel diameter indicates the mean percent increase compared with baseline diameter; CONTROL, CSD under baseline conditions; L-NAME, CSD in the presence of 100 /imol/L L-NAME; and WASH, removal of the L-NAME with aCSF washes, and the subsequent CSD. The L-NAME significantly reduced pial arteriolar dilation (*) during CSD compared with CONTROL CSD (P~.01, paired t test) and with CSD after aCSF WASH (P=.O19, paired f test).
CSD With and Without L-NAME
The 9 animals used in this series of experiments were hemodynamically stable throughout the study period (Table 2) , with no significant differences between the MAP values immediately before or during the CSDs. In Fig 3 , percent dilations during CSD in the baseline and aCSF wash groups compare favorably to that measured in previous studies. 36 Of import, Fig 3 illustrates the significant (P<.05) diminution of CSD-induced dilation when L-NAME was topically applied before CSD (L-NAME group). Table 1 ), and adenosine was reapplied. There was no significant difference between the responses at the two different doses of adenosine, with or without L-NAME or L-NA (repeated-measures ANOVA performed on the three responses at each adenosine concentration).
L-NA and CSD
In these 6 animals, the CSDs measured in the absence of L-NA (Fig 4) were similar to those in the abovedescribed L-NAME experiments. L-NA application significantly diminished pial arteriolar dilation during CSD compared with responses in the absence of L-NA (P<.O5). These animals were hemodynamically stable before, during, and after CSD (Table 3) .
Discussion
Our results demonstrate that topical administration of the NOS inhibitors L-NAME and L-NA reversibly inhibits pial arteriolar dilation during CSD in anesthetized rabbits. Also, administration of these agents in identical doses failed to attenuate arteriolar dilation after application of a known cerebral vasodilator, adenosine, suggesting that topical administration of these NOS inhibitors did not produce nonspecific inhibition of arteriolar dilation. Further, the dose of L-NAME used inhibited NOS activity in rabbit cortical tissue by 46%. The fact that NOS blockade by L-NAME was demonstrated by our NOS assay and the fact that arteriolar dilation from 100 /zmol/L topical ACh (a stimulant for NO synthesis) 13 - 23 was reduced by 75% with this dose of L-NAME strongly suggest that NOS activity was diminished after L-NAME administration. Since application of L-NA before CSD inhibited arteriolar dilation comparably to that observed with L-NAME and since L-NA does not possess any known antimuscarinic properties, it is unlikely that the effect of L-NAME on CSD is mediated through any putative antimuscarinic properties. 20 In addition, Faraci and Breese 31 found that topical L-NA (100 /xmol/L) in a similar rabbit cranial window preparation inhibited NO production after application of NMDA and ACh. Thus, the diminution of pial arteriolar dilation during CSD after application of either NOS inhibitor, L-NAME or L-NA, suggests that NO is a promotor of this vascular response. In light of the evidence presented here, however, it is difficult to determine precisely what portion of the arteriolar response during CSD is attributable to NO, for two reasons. First, there are CGRP-, substance P (SP)-, and neurokinin A 332 peptide-containing perivascular nerves that invest pial arterioles.
These peptides are all vasodilators and probably contribute to pial arteriolar dilation during CSD to a greater or lesser degree. Second, the dose of L-NAME chosen in these experiments inhibited cortical NOS by 47%. Our assay protocol was not capable of discerning to what degree NOS was inhibited in cortical neurons, vascular endothelium, or perivascular NOS-containing (nitroxidergic) neurons. Although we feel confident that NO promotes pial arteriolar dilation during CSD, we do not know what fraction of the overall response is directly attributable to NO.
The potential sources of NO production and release during CSD are open to speculation but were not specifically tested with these experiments. During CSD, pial arteriolar vascular endothelium could be stimulated to produce NO via at least four different pathways. First, NO could be released from cerebral vascular endothelium via actions of neurotransmitters released by perivascular nerves. For example, SP, a vasoactive peptide colocated with CGRP in perivascular trigeminal sensory nerve fibers, is known to dilate arterioles through an endothelium-dependent mechanism. 32 It is possible that SP may activate arteriolar receptors after its release during CSD, liberating NO as an effector substance. It is also possible that perivascular cholinergic fibers may be depolarized as well during CSD, liberating ACh and thereby stimulating the release of NO via endothelial cholinergic receptors. Second, CSD may dilate parenchymal arterioles via the release of vasoactive metabolites (eg, K + , adenosine, etc), augmenting flow through upstream vessels and thereby increasing shear stress across pial arteriolar endothelium. An increase in vascular endothelial shear stress may be a stimulant for increased NO synthesis and release. 33 Third, similar to one proposed mechanism promoting CGRP release during CSD, 3 the increase in [K + ] e observed during CSD 1 may perhaps be sufficient to depolarize NO-containing perivascular nitroxidergic nerve fibers. Nitroxidergic fibers investing parenchymal brain blood vessels may release NO when they are depolarized. Conditions that would foster the release of NO from these fibers are not clear, but they could potentially be similar to those described above for sensory nerves. And last, since NO is released from cultured brain cells 15 and the intact rabbit brain 31 when stimulated by NMDA and since glutamate is released by excitable cells during CSD, 34 it is probable that NO is liberated from brain parenchyma during CSD. Thus, NO may dilate parenchymal vessels directly, which could then stimulate dilation in surface pial vessels as outlined in the first possibility above.
Using a cat model of CSD in which cortical blood flow was measured by laser Doppler, Goadsby et al recently reported that NO is a promotor of hyperemia during CSD. 16 Their novel experimental approach had some limitations: in some animals, the intravenous dose of L-NAME inhibited the hyperemic response with CSD for up to 2 hours, raising the possibility that the dose of L-NAME used (10 mg/kg) affected the ability of cerebral arteries and arterioles to dilate in some nonspecific way. Although this dose of L-NAME increased the MAP from 114 ±8 to 168 ±7 mm Hg in their model, indicating some degree of basal NOS inhibition in the peripheral vasculature, they did not perform a specific test for the effectiveness of NOS blockade. It is surprising that the single dose of L-NAME completely blocked the hyperemia associated with CSD but did not affect the transient increase in neuronal firing, indicating that CSD neuronal depolarization was still intact. This finding evokes interest, since probably many potentially vasoactive substances besides NO are released during CSD. For example, [K + ] e increases to vasoactive levels in brain parenchyma during CSD, 1 -2 yet levels in CSF increase only modestly. 5 Therefore, it is likely that brain parenchymal arterioles are exposed to a different milieu than pial arterioles during CSD.
The fact that Goadsby et al 16 were able to completely abolish the hyperemic response to CSD with L-NAME, whereas we report only partial abolition of the vascular response, may be attributable to our differences in experimental design. We used rabbits in our model of CSD; they used cats. We topically applied L-NAME, which inhibited NOS only 47% by our assay, whereas their intravenous administration of L-NAME may have produced higher tissue concentrations of L-NAME and a greater degree of NOS inhibition than those achieved in our experiments. Recent reports have demonstrated NOS staining of axon terminals and dendrites closely associated with intraparenchymal blood vessels, 35 -36 sites of NOS possibly not accessible to our topically applied L-NAME or L-NA.
Wahl et al 37 performed CSD experiments designed similarly to ours, using a-chloralose-anesthetized cats. Pial arteriolar diameter was measured via intravital microscopy. Topical application of 100 jimol/L L-NA significantly reduced pial arteriolar dilation during CSD, suggesting NO to be a promotor of CSD-induced cerebral hyperemia.
In a unique model of CSD in awake rats, Duckrow 18 revealed that L-NAME (30 mg/kg IV) administration revealed a brief period of cortical hypoperfusion, a 64% decrease in CBF, at the onset of CSD (we did not observe pre-CSD arteriolar constriction). In the baseline condition without L-NAME present, this initial hypoperfusion was not present. After L-NAME administration, the magnitude of cortical hyperemia normally observed during CSD was decreased from a baseline 45% increase in flow to only 38%, not a significant change. The author concluded that NO does not mediate cerebral hyperperfusion in rats. Supporting this finding, another study 19 showed that the administration of L-NA to anesthetized rats failed to alleviate cerebral hyperemia during CSD. Indeed, these authors 20 found that intravenous or topical application of JV°-nitro-Larginine actually enhanced the hyperemia induced by CSD. Once again, these investigators failed to demonstrate effectiveness or specificity of NOS blockade.
A recent publication by Buxton et al 20 suggests that L-NAME possesses muscarinic receptor antagonist properties. The role, if any, of muscarinic receptor activation during CSD is unclear. Our experimental design addresses this issue by including an additional NOS inhibitor, L-NA, in the experimental design. L-NA, which does not possess any apparent muscarinic receptor antagonist potential, 20 demonstrated similar efficacy in inhibiting pial arteriolar dilation during CSD compared with responses with L-NAME. Thus, our results are consistent with the view that L-NAME in our preparation produces NOS blockade independent of any significant antimuscarinic effects.
It is likely that other substances in addition to NO may be acting as mediators coupling CBF to the increase in brain metabolism 7 that is observed in the acute phase of CSD. Experiments in this laboratory 3 revealed that CGRP is released during CSD, stimulating dilation of pial arterioles. Additional substances may act as mediators coupling CBF to increased metabolism during CSD. 38 For example, Shibata et al 6 discovered that prostanoid levels in CSF increase markedly during and after CSD in rabbits; however, the prostaglandins liberated were primarily vasoconstrictive in nature, promoting pial constriction during CSD. Thus, treating the rabbits with intravenous indomethacin increased pial arteriolar dilation and the hyperemia (measured by laser Doppler) observed during CSD. 6 One aspect of our experimental model deserves comment: we chose to make arterial blood gas measurements during the course of the experimental time period. Typically, blood gas measurements were made just after the cranial window was inserted and at two more time points afterward. We did not measure blood gases during the period of CSD itself. Thus, if CSD induced a change in our experimental subjects' respiratory patterns sufficient to produce hypoventilation, then hypoxemia and/or hypercapnia could produce dilation of pial arterioles. We do not believe this to be a plausible explanation of our observations, for several reasons. First, we never observed apnea during CSD. Second, other investigators have used an identical model of CSD except for mechanical ventilation of the rabbits. 4 Compared with our results, they reported similar degrees of pial arteriolar dilation ipsilateral to the CSD, whereas contralateral arterioles did not dilate. Third, hypoxemia or hypercapnia would produce dilation of pial veins. Although we did not measure pial vein diameter in our experimental design, no gross dilation of pial veins was observed during CSD that would have been present had apnea occurred.
In summary, two inhibitors of NOS, L-NAME and L-NA, attenuated pial arteriolar responses to CSD, whereas responses to topical adenosine remained intact. Thus, NO or a related nitrosothiol appears to contribute to CSD arteriolar dilation in the rabbit. Corroborating evidence in cat models 16 -37 provides strong evidence that NO promotes cerebrovascular dilation during CSD. However, species differences may still be important in this response, since two reports of rat CSD models
1819 have failed to demonstrate that NO mediates cerebral hyperemia during CSD. The source or sources of NO liberated during CSD are unclear and require further study. 
Editorial Comment
Colonna et al demonstrate the ability of inhibitors of nitric oxide synthase (NOS) to significantly reduce pial arteriolar dilation accompanying cortical spreading depression (CSD) in rabbits studied using a cranial window preparation. N" nitro-L-arginine methyl ester (L-NAME) and A^-nitro-L-arginine (L-NA) markedly blunted the pial arteriolar response to CSD, and L-NAME inhibited cortical NOS activity by 47%; these findings strongly suggest a large contribution of cortical nitric oxide (NO) or related nitrosothiol to the vascular hyperemia associated with CSD. In general this is a nicely done study, and convincingly implicates NO as one of the mediators responsible for the pial arteriolar vasodilation associated with CSD. However, NO-and CSD-associated hyperemia appears to be species-dependent in that it has been observed in rabbits and cats but is resistant to NOS blockade in rats. Thus, insofar as CSD is a model of enhanced metabolic activity, these findings suggest that NO may be one of the mediators linking neuronal activity to flow. Species variations, however, make it difficult to suggest that there is such a relationship in humans. Furthermore, data from the present study do not allow one to determine the cell type responsible for NO production during CSD, nor to determine whether the release of NO is a primary event associated with neuronal activation and depolarization or whether NO is released secondarily through the action of metabolites or neurotransmitters.
